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IN THE SOLAR SPECTRUM.

By J. EVERSHED, r.R.S.

In Kodmkinml Obgervatory Bulletin No. 39 some meagures are givon of the displaccments at the ecnire of
the Sun’s dise of cight of the teiplet bands between 3876 and 3882 The mean value of these and of three
separate lines altributed by Rowland to carbon was + /0045 A, according to measures by the writer.  If Lo this
is added the value, + 0002 A, found by Adams for the shift limb — centre for these hands the total shaft
limb — are amounts to + V0065 A, a value approximating to the shift predicted by Emstein which For this
region of the gpeetrum 13 4+ 0°0082 A.

More recent wmeasures of these bandg by St Johu® mdicated very much smaller shifls, the mean being
+0'0018 A, at the centre of the dise, or less than one half the value obtained at Kodaikanal. &t John also
meagured 43 single lines of the carbon ave spectrum in the same region including 18 lines of inlensitics
ranging from 2 to 4 and 25 Imes of fntengitics between 00 and 1 of Rowland’s Urehminary Table.  These gave
large mdividual dilferences, the shifis of the stronger lnes, Sun — are, ranging from + (006 A to — 0°003 A,
and the weaker lineg from + 07004 A to — 0°003 A, The mean value Lor the stronger lines way + 070024 A,
and for the weaker lines + 000006 A, At the Sun’s limb his mearmacs of 18 of the came serics of sthronecr
lines gave a mean value -+ 000037 A, whilst his means for 17 lines of the fainter sertes was zero.

With a view to clearing up this digerepancy between the Kodaikanal and Mount Wilson mcasures a new
geries of photographs was secured at Kodaikanal in Marceh and April 1918, These were obtained with the Jarge
gpectrograph degeribed in Kodaikanal Obgervatory Bulletin No. 30, nsing the Andergon -inch grating with a
ruling of 75,000 lines.  Fourth order spectra were pbolographed ab the contre of the dige, but most of the limb
speetra were talken m bhe third ovder.  The hinear igpervsion ig 0'48 A per millimeter m the fourth order aund
O0'79 A per millimeter in the thivd order.  The definition in both orders is very fine, and thero i no trace of
astigmatism.  The band 3880753 is partially resolved in the arve gpectra of the fourlh order, the triplets on the
more reflvangible gide ol this being clearly regolved,

Great care was taken Lo oblain plateg only in the clearest possible sky when no trace of scattered whate
light was vigible near the Sun ; in all cages aldo the altitude of the Sun exceeded 60°. The wave lengths of
lineg which are shilied towards ved at the limb are reduccd by scatbered light, which superposcs light from the
centre of the dige, and this ix especially liable to oceur in the ultra-violet region where the seallering is greater
than in the vigible region.

The usnal refecting deviee way used for simultancons cxposures on Sun and are, care being taken Lo ingure
the complele illumination of the grating by light from Dboth soumrecs.  The slit width was hetween 07010 mm.
and 0°015 mm. with a collimator lens of 77 6” focus.

In photographing the polar limb speetra the time was computed heforchand and for each day when the
vertical diameter of the Sun’s image projected by the siderostat comeided with the solar axis. This iy casily
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done and without any chance of migtakes by means of the tables constructed for*the specuroheliograph work.
Photographs were then made of the North and South polar limbs alternately as near to the computed tune as
practicable. For the fourth order plates cxposures of 2 minutes on Sun and 3 minutes on arc were found
gufficient at the centre of the dise, and for the limb spectra mm the third order the exposures were about )
minttes on the Sun and 1 mimute on the arc.

The Sun’s 1mage enlarged to o dhameter of 80 millimeters was projected on to an engraved plate placed 1n
tront of the spectrograph slit. A hole in the plate 1 mm. in diameter and 1 min. inside the limb admitted
light to the sht. This hole was also the centre of a circle of £0 mm. radins upon which the mmage could be
centred when photographing the centre of the dase.

The limb spectra represent points on the Sun 1/40 of the radius within the limb, the cxact heliographic
co~ordinates of which may be computed, using the middle time of exposure to determme the position angle of
the slit on the Sun’s dise  As they were mostly taken very near to the north or south polar Hmmhs the corvec-
tions for the solar rotation ave very small or zero, but in all cages where the pomnt photographed was ab an
appreciable distance from the Sun’s axis the component mn the line of sight of the solar synodic rotation was
computed by the formula V = [1'507 cos ¢ + 0'546 cos® ® — C] sm A cos D.*  The velocity thus obtained
was added algebraically to the velocities due to the Earth’s orbital and diurnal movements and the resultant
velocity oxpresged in angstroms applied to correct the measured displacements.

The Karth’s orbital motion in the direction of the Sun is determimed from the daily values of the rvadiug
veetor given in the Nautical Almanac and the compaent of the diurnal motion from the formula Veloeity mn
Kin/see = (464 cos ¢ cos 6 sin T,

The proper selection of lmes or hands which may be supposed to be unaffected by the presence of guper-
posed lines of other substances 18 not very easy. After a careful comparison of the are and solay lines I

onginally selected the thirty hnes or bhands given i the following ligt, taken from Rowland’s table
of solar lines.

A Origin Intensity. A \ Omgin. | Intensity.
3819197 . . C 1 Na*
3819346 . C 1 38764556 . C ()
412 C 1 622 C 0
3822406 C (! 3877587 } “ C 0
470 C 0 ‘646 O 0
3830-745 C 0 3879381 3 Q0
st Sl | ¢ |
: — B% . i 0
‘383" ‘298 . (o) 0 3879 71() ) 1
J836¢ .' e 1 . . 0
} ¢ 1 3880 105 . C 1
3844 578 . . C 4d ? 175 . C 0
3845149 C 1 235 . O 0
3846+ '87’{1 } “ 8 } B8R0 &25 C 1
/51427 .. ¢ 2 Nd ? o o i
3852-541 ... (004 2 Nd ¥ ] 3880 815) O 1
3858822 ... M 2N 931 § C 1
3862627 ... Ve P 34811401 C 1
3863533 .. & 3N 254 | C 1
3864 438 | ) 3 3881 44D } . C 2
3865 282 | . (04 3 D43 C 1
386K-873 . . C 1 3881729 } “ ] 1
941 " C 0 825 . « 1
3869 179 e C 0
+305 C 1
3872:312 .. C 0
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In making up this list 1 was guided mainly by the agreement in relative intensity betweensthe lineg in the
carbon arc and the corregsponding hines in the Sun as judged by superposing the arc images on the absorption
lines 1n the solar spectrum and obsgerving the * fit ’ of the linesand bands when the ave speetrum has heen made
a suitable density. Many of the lines meagured by St John were rejected because of the want of agreement in
relative intensities or, i the case of the fanter hnes measured by him because of the inherent difficulty of
measuremnent especially in the hmb gpeetra.  The list includes all of those given in St Johu's table 1 B,
consisting of hig gtronger lines and partially resolved tiiplets, excepling the following —

A Reuason for exclusion

3846713
2853762 )
3856°80 Dafficult to measure satisfactorily
ageo 2 . Diffused towards violet in Sun

Relatively too strong in Sun

I also exclude the lines 3876°448 and 3877°481 giving a shift lowards violet al the centre of the dise,
becange they ave velatively too strong in the Sun.

My plates are somewhal underexposed towards the more vefrangible end, and thsis an added reason for
confinimg attention to thie less refrangible bands and stronger Iines.

A prelmumary set of measures of some of the plates wag made by the late My, R J. Pocock, whose mean
pegults Sun — ave may be bricfly smmmnarised as follows :—

North limb plates . . .- 0004 A
South lunb plates . .. . " o 07008
tentre of Dise - - . . . .. L0004 A

In a detarled comparison of hik measares with those of S John we found (hat there was a general agreement
in the case of $t. John's diveel measures of Sun — ave, and for the lnes in hig table 1 B, bub larger valoes were
tound for the triplet bands near 3883 which were more nearly in agreement with the original Kodaikanal
meagures quoted at the heginning of this paper.

10 the meagures now to be recorded I have practically confined altention to the teiplel bands in the fivst
head, for which Pocock’s results dillered from St. John. This series gives fairly accordant values of the dis-
placement al the Sun’s limb,dul as in all Sun — are meagures the mean vesult of all the lines or bands on
i)lutes taken on different dates show discordances lavgely i excess of the probable error of muasuveinent, It
ig degirable therelore to reduce to o winimumn the time spend on any one plate.

Two methods of measurement have been ﬂ,tl()])f.@{l. The limb speelra have all been meagwred by Lhe
ordinary wcthod of biseetion with a single thread ipade approximately parallel to the spectrum limes by
tangent serew adjustment. The cenire of lise plates, in which the triplet hands are partially vesolved m the
Sun, were meagured. by the negative on negative method, which can e used with greal offect when suitable
duplicate negatrves hav®been seenred.  In this two simutar negatives A and B are placed film {o film in the
positive on negative micrometer, but are not veversed end Lor end. They arve digplaced laterally, so that the
are lines of A are superposed on the solar lmes of B, and vice vers The movement required to produce
alternate coincdences medsures the double digplacement of the solar lines with reference Lo the are lines,  This
method iy especially guitable for measuring the gtronger unresolved, or partly resolved, handg, but not for faint
gingle Iimes. As m thepositive on negative method uged Eor' other Sun — are spectra, and-Lor golarivotation
spectra, the negative on negative weasuves ave found to give slightly smaller values of the displacements than
the bisection method.” This I consider may be due to an anconscious systemalic overestimate of asmall dis
placement when measuring by the ordinary method. Tt ig not known how the digcordance may vary with the
amount of the displacement, but the effect on a measwred digplacement of 0’015 mm. is about 16 per cent, sad m
the present series of meagures where the correction for motion is subtractive the difference belween ordinary
and negative on negative measures in the residual shift amounts to about 20 per cent. If we consider the
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negative on negative method (o be more trustworthy an approximate correction may be applied to the measuros
madle hy the ordinary method, correspondme to a veduction-of the shift by about one-fifth of its amount.

Rosults for the centre of the Sun’s dise—~I now give in table I on page 303 the results of the measures of
twelve centre of (lise plates measured in six pairs by the negative on negative method. The mean shift Sun —
are for each of the bands 18 given in the last colwmn, and the mean shift for all the bands in each pawr of plates
ab the foob of the columns.  The weneral mean 18 very nearly + 0004 A 1f the anomalous vesnlt for April 618
omitted or 4+ (X003 A if it 18 ineluded.

The means for the mdividual hands, excepting one, vary from + 0002 A to + 0°005 A, The exception,
8379 79, giviny «a zoro #hift needy further study  In our previous measures and m those of St. Johu the less
refrangible portion of this band has a shift of + 07003 A, and the difference ay be due to the fact that wm the
negative on negative measurcs the entire triplet is measured ag once line, whereas m the bisection measures the
more vefrangible simgle line 3879 716 of Rowland was omitted. This line (Series Ax of Uhler and Patterson)
may give a negative shift, as appaars to be the cas: also with the lines of the same serics at 3877481 and
38767448, These two lines were onutted from the present ineasares hecause then mtensities and thew positions
relative to the doublels of the A series differ markedly in Sun and ave. This 1s cleavly shown hv comparing
the mtensitios and wave-lengths in Rowland’s © Prelunmary Table ” with the table of carbon ave wave-lengths
of Uhler and Patterson *; the intensity of cach is velatively too great 1 the Sun and they are displaced
towards violet 0’011 A and 0°008 A respectively. Tt scems most probable that these lines are blended with lines
of other elements, otherwise 1t has to be supposed that under solar conditions therc1s some special perturbation
affecting the wave-lengths and intensities of these particular lines of the Ar series, meludimg possibly the line
3879716, but not other lines 1 the same series.

The more vefrangible component of the triplet at 3879°349 appears Lo be blended with another hne on it
red s1de but this can have little or no effaet on the position of the band as o whole.

The mean shifts for all the bands show a fair accordance on,the different dates exeepting April 6 which,
vields a zero result. This 18 not due to 1mparfect eentring of the Sun s image on the slit, Loy a aladjustment
amountme to about 6 mun. towards the east side would be required to neutralise by the solar rotalion the mean
shift towards red of 0°0037 A given by the other plates. Our long series ol mneasures of Sun — Fe are often
have shown sunilar anomalieg, due probably to local ascending currents at the centre of the dige; and we have
rocently proved that the spectrum lines may be locaily displaced by small amounts at the centre ag well asin
other parts of the dise.

Measnres by the negative on negative methad have also been made of nine lineg in the more refrangible

region. The mean vesults for eight plates, including the pair of Aprl 6 giving low values is ag follows ~—
. A | ger .
A Omgin. Intensity. Sun — arve m 10,000, | qell;mt%%}:}ﬁl) and
— e ke eyt e —— s e e——— — e i - PR - - —
?8?3161('21} . . o— 3d + 7 A,
iof I D G i +5 L 6,

3844378 " C 4a” 3 87 A,
3845149 .. .. C 1 + 37 B,
J846-77717 ... C 1 :

si4) L C 1 — 08 A
3851 427" .. . C INd? + 43 A,
3852541 .. - C 2Nd4? + 21 A,
38688737 ... . C 1 B

oa1) L C 0 ~ 03 1 B,
5869‘172] . . 8- (]) + 39 A,

Mean + 00033
Mean excluding plates of April 6 + 0°0043.

¥ Astrophysical Journal 42, 439.
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The cloke agreement here shown with the moan shut for the ten bands gives some confidence in the
gtatement that for the stronger hines and bands in the carbon are spectrum there is a shift towards red at the
centre of the Sun’s dise which 18 near to the value +000+ A This is o trifle smaller than the value previously
found at Kodatkanal, but the carlicr measures were made by the ordinary hgeetion method, which as already
gtated gives larger valuoes.

Results for the Swi's ond.~In the b speetra the eight tmplet bands and two deoublets at 38766 and
JR77T°6 are not resolved.  Owing to the widening of all lineg near the limb the components merge mto one
another and no spectrograph can resolve them.® 1 have found that the third order gpeetra with lowor disper-
ston and greater contragh are morve satistactory Lo measure than the fourth ovder plates. The bands are of
more uniform density than at the centre of the dige, and they can be casily measured ag single lines by the
bisection method.  The negative on negative method would have heen preferable, but suitable pairs of nega-
tives wore not available except ina few cades.  The whole series was  therefore moasured by the bisection
method.

Tables 2 and 3 (page 303) give the results of 6 north limb plates and 7 south limb plates  The digplacements
lowards red are larzer than wasg anticipated, the seneral mean heing -+ 0°007T A for the north limh and
+ 0100 A for (he south. There is a close agreement between the different bands, and 387979 which gave a
#ero shifl at the centre here shows no anomaly.

The systematic dafference hetween north antl south 1 interesting, and confirms Mr. Pocock’s measures.
Al fiest wight one might suspoet thal by some error of adjustmant of the solar unage an uncorrected votation
component of opposile gign in the two bemuspheres affects Lthe vesults.  Thiss however very improbable, as
the error in the estimate of the rotation component would need to be about 'L Km/see., which would involve
quite a large deviation of the dlit from the position angle of the Sun’s axis,

Correclions.—For the sake of completeness T give in tables 1and 3 the data used Tor computing the
rotation correction and the values of the orbital and diwrnal movements of the Barth,  In column 3 of these
tables @ 1 Lhe apparent latitude ar pogition angle counted from the solar cquator of the mbevsection of the
spectrograph shit wilh the limb., ¢’ and X are vespeatively the heliographie latitudes and longibades of the
points photographed.  The following columng give the component in the line of sight of the Sun’s rotation
movement, of tho Warth’s orbital, and of -the Fartl’s durnal movement in Kin/see,  Column 9 gives the
residual motion or algebrare swn of the quantities in the three preceding columms 3 and in the lagt column this
is expressed in anestroms and i the eorrection which has boen applied to the measured displacements.  This
correction i 1 all caseg subtractive hecause of the considerable maotion of recession of the Karth from the Sun
m April, mvolving o general shift of the solar Tines towards rod.

Stramnamary of resulis,—I0 we make allowance for the difference betwoen the bisection method of neasure-
ment and the more acewrate negative on negative method the general means in the limb speetra should be

reduced w the ratio 120 to 100, The regults For all the specetea m owsaved

may  therefore be stated as
follows :—

In angsiroms, In Km/sec.
North limb speetra . . .~ ve Y0057 044
South limb spectra ... .. .. . 070080 0762
Cenlre of dise . . vee F 0037 0729

These are the mean shifts for the ten measwable bands in the fest head betwoen 3875 and 3883, and it is
believed that they represent very approximately the displacements that would he observed wore these handy in
the Sun freed from all mterfering lines of other suhstances.

It is not claimod that the results here given represent satisfactory mean values of the shifls, because the
mdividual plates both of lunb and centre show somewhat discordant values indicaling the necessity for
measuring a large number of plates prefevably taken ab different points on the solar limb, before a definite

— i e o e iy i <

*The band 3879 & aloneshows a vift due to n partial sepavation of the more refrangible lme of the trviplet.
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conclusion can be reached. The systematic difference between north and south also points to a certain
instability of wave-length m the solar lineg

The result for the south lunb plates 1y vemarkably cloge to the shift corresponding to (V634 Kmfsec.
predicted by Finstein and taken hy themselves these vesults must be consudered distinetly favourable to the
relativity effect. The gmaller ghift at the centre of the dise g veadily explaned by an outward radial movement
of the solar cages which might produce a parhally compensating shift towards violet at the centre  Bul Fowler
has expregsed the view that any rising movement on the Sun must he compensated by a downward motion, and
that the degcending gases would be more likely to produce abgorption limes than the hotter ascending gases.
Againgt this however we may argue that' the gases whieh are 1n a state of the most extreme tenuity ave 1n
realily driven out [rom the Sun continuously mto the coronal region by light pressure, as appears Lo be the
case m the eruptive prominences, so that no downward compensating motion would be observed.

Thege resulis appear to be in serious disagreement with those of $t. John who concluded that * within the
limits of error there 18 no evadence of a digplacement either at the centre o1 at the lmb of the Sun of the
order of '008 A ag required by the principle of relativity 7 St Jobn (did not measure the displaceinent of the
bands m the frst head at the limb of the Sun, and lus conclugion 18 largely based on the mean shift of 17
lines of gmall mtensity which wag zero.  The question whether the carbon are band Iimes (whieh are unaffected
by pressure or pole cffect in the are) do ov do not confirm Bingtein’s precdiction resolves wself mto the question
whether we should place more rehance on the strongly marked triplet bands ovr on the dgingle weak lines
measured by St. John, and thig again rages the question whether the stromg and weak hines 1 Freed From all
interference by hmes of other subgtances would actually be shifted by equal amounts

Tun the ceage of iron the shift of the Iines at the contre of the dise or in general sunlight depends largely on
intensity, the gtrong lines being much more shifted than the weak : but at the limb the shifls are approxi-
mately equalised, so that the greal duff evence of shift between the strouger and weaker hines ol the carbon are
al the limb iy anomalous and needs further 1mvesligation.

I have pleagure i acknowledging the very material aid rendered in this research by Ifirst Assislant A. A.
Narayana Ayyar, B.A, Most of the measures of limb gpectra were made by him and he also performed all of
the computationg necesgary for determining the corrveclions,

THE OBSERVATORY, J EVERSIIED,

KODATRANATL, Davector, Kodalanal and Madvras Observalories,
May 1920.
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TABLE I.—CENTRE OF DISC — ARC IN A/10,000.

1918 March | 1918 March 1918 Apnl 1918 April 1918 Apral 1918 April
Mean Wave length | 26d 11h 50m | 29d 110 48m La 10n Hfm 2d 111 25m 3a Yh Hlm 6d 110 0lm
of band &3040 42m | & 29d T1h 47m | & 14 1Th 02m | & 23 120 Olm | & 3a Ok 56m | & 64 111 OBm Means,
Rowland correction correclion correction correction correction correction
—40) -hd —dd, —h. — 23, -—d5,
T - L _ A S e Y .
387659 -+ 43 + 46 + 25 -+ 20 1] -+ 28
387762 . + 16 + B! + B -+ 16 . - 04 -+ 25
A879-39 -+ O4 + 68 + 36 + 14 + 3b -+ 04 -+ 43
Wmmwww -+ ”Mﬂ._ -+ :w - 04 - U5 - 13 - 32 - 04
: + 15 + 1 + 3 + w7 + 3 + 1 28
3880 53 -+ 61 -+ 53 -+ b 64 + ol -+ 09 H H0
388087 -+ 59 - H3 + 43 + 2K + 31 -+ U2 -+ 33
8881 20 . + 29 + 06 - 23 -+ 22 -+ 432 - 11 - 18
3881-49 e + 3] +- 25 + 07 -+ 30 + 49 4 19 -} 38
3881 78 . + 47 4 49 + 654 + 37 -+ th] - 15 - 47
Means - 00048 00036 T 00038 + 00026 00087 T 00002 + 00081
General Mean onntting April 6 4 000037 A.
TABLE IL—NORTH LIMB — ARC IN A/10,000.
1918 Apnl 1918 Apnil 1918 April 1918 Apral 1918 April 1918 April
6d 10h 13m 9a 100 Tim O 10k 32w | (0d 10b24m | 114 [Oh 19m | 172 10k 10m Moans
correction correction correction correction correction correction CANS:
--34 —32, —320, —28, - 29, —30.
3876 50 -+ A7 + 71 -+ b4 -+ 63 + 115 + 57 69
S877-62 . + 99 -+ 61 - (31 -+ 78 -+ 69 -+ 7 71
387939 .. + W7 + o0 + 17 + o8 + 116 + 49 80
3879 79 -+ 2 + 48 -+ 04 4 113 + 147 -+ 53 3
3880 17 + 33 -+ 66 + il -+ 10h + 124 e 706 79
3880 53 - + I 4 G4 -+ 74 -+ 78 -+ 43 + 35 60
3880 87 . -+ 70) + 33 -+ h7 -+ 0o - 101 -+ 70 (H
888120 . +- 26 + 25 -+ 43 + 36 -+ Vg -} 43 42
888149 . + 8 + 8 4+ b + 89 + 116 4115 a6
388178 + 63 + 4 + 78 + 66 + 101 + 34 64
Means -+ 010056 -+ 0 0056 + 00076 4 00077 A 00106 -+ 0 0059 (0071
TABLE IIL—SOUTH LAMB — ARC IN A[10,000.
1918 Apml | 1918 Apml | 1918 April | 1918 Apial | 1918 April | 1918 Apnml | 1918 April
6a 100 Odm | 9 100 12m | 92 100 38m | 10d 100 17m | 11a 100 MNE 164 11h 41m | 174 100 (lm Means
correction | correction | correction | correetion { correction | corrcckion | correclhion i
L —33. —n4. —36. —32, -107, —21
3876°59 . 4+ b + 12 -+ 12 4 143 4+ 175 4+ 105 + 88 110
387762 -} 78 4+ 128 + 147 4+ 11b 4+ 182 -+ 83 -+ 108 113
387930 . -+ 31 + 89 -+ 96 + 126 -4 152 A o1 4107 99
387979 -+ 37 -+ 57 4+ 144 + 128 + 141 4 83 -+ 63 93
388017 4+ 20 0 4+ 8 | 4+ 101 | + 8 | + 155 | 4+~ 8 | + 81 88
3880 53 -+ 76 + 80 4121 + 142 4 232 . 96 + h 115
388087 . <+ 105 -4 78 4 it + 112 4+ 110 4 o2 4+ 112 96
388120 e -+ 30 4 69 + 20 -+ 74 + %] + 115 4 73 64
388149 + 87 4+ 62 4+ 119 + 146 + 187 4 122 + B8 116
388178 . + 113 + G4 + 110 + 118 + 125 + 113 + 91 105
Means - (10062 <+ 0:0083 + 00106 4 0:0119 4+ 00148 + 0:0095H -+ 00086 00100
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TABLE IV.—NORTH LIMB CORRECTIONS.

|
Date. Hour q ¢’ A Rotation. Orbital. | Diurnal. Residual. A
1918, o M. ° e ° (

April 16 . 10 13 808 . + 0507 — (245 + () 262 - 00034
» 4 10 19 891 70 2 E - 0017 + (494 ’ - 232 + 0200 — (L0032
. b ] 10 3% §6+2 70 11E — (090 + 0490 1 — 0210 + 0199 - (0026
vo10 10 28 | w78 70 | TE | - 0058 | + 0495 ’ —0w3 | o+ 0214 | — 00028
, 11 10 19 882 70 LR ~ 0041 + 0492 - 0230 + 0221 - (0029
.17 . {0 10 B0 v + 0471 , — (242 + ()220 — 00030

TABLE V.—SO0UTH LIMB CORRECTIONS.
e —
Date Hour. ¢ “ ¢’ A l Rotation Orbital, \ Duwrnal Residual A
1918. 1L M. ° ¢ ¢ l

Apnl 6 10 ™ 876 81 75 — (058 + 0BT 1 - 0254 + 0190 — 00024
w Y . 10 12 897 . + 0499 - (1244 + (025H - (0033
w9 10 38 849 81 BW I o+ 0115 + 0499 ‘ - 0199 + 0415 = (10054
, 10 10 17 8y 2 82 TW + 0021 + 0495 - (23h + (241 — (0036
» 11 10 12 900 o + 0492 | ~ 0242 4 (1250 - (0032
o 16 . 11 41 718 70 6O W |+ 0429 + 0473 - 0076 + 0820 - 00107
» 17 10 ot 877 80 4B — 0055 + 0471 1 — 0267 + 0150 - () (3021
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